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(57) ABSTRACT

Disclosed is a method for producing an aromatic compound
represented by the general formula (2) below, which is char-
acterized in that a compound represented by the general for-
mula (1) below is reacted with a sulfur compound (at least one
member selected from the group consisting of sulfur, hydro-
gen sulfide, metal hydrosulfides and metal sulfides) or a sele-
nium compound. (In the formula (1), R! represents a hydro-
gen atom, a halogen atom, a hydroxyl group, a cyano group,
a nitro group, an ester group, an optionally substituted alkyl
group having 1-18 carbon atoms or the like; R* represents a
halogen atom; R> represents a hydrogen atom, C—=C—R" or
R?; and n represents an integer of 0-4. When n is not less than
2, R*’s may be the same as or different from each other.) (In
the formula (2), R*, R® and n are as defined in the formula (1);
and X represents a sulfur atom or a selenium atom.)
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1
METHOD FOR PRODUCING AROMATIC
COMPOUND

TECHNICAL FIELD

The present invention relates to a method for producing an
aromatic compound. More specifically, the present invention
relates to production of a benzochalcogenophene derivative.

BACKGROUND ART

Conventionally, several methods have been known for pro-
ducing a benzochalcogenophene derivative.

For example, NON-PATENT DOCUMENTS 1 and 2 dis-
close a method for synthesizing a benzochalcogenophene
derivative by reacting sodium sulfide with a 2-halogeno-1-
acetylene derivative in ethanol.

NON-PATENT DOCUMENT 3 discloses a method for
synthesizing  [1]benzochalcogeno[3,2-b][1]benzochalco-
genophene by reacting tert-butyllithium with bis(2-bro-
mophenyl)acetylene at low temperature in THF (tetrahydro-
furan) solvent, followed by addition of sulfur, selenium, or
tellurium. However, problems of operational safety and
extreme difficulty in industrial application exist because tert-
butyllithium ignites when reacted with water in the air.

NON-PATENT DOCUMENT 4 discloses a method for
synthesizing a benzothiophene derivative characterized by
reacting butyllithium with a 2-bromo-acetylene derivative.
However, questions of operational safety and industrial appli-
cation are similarly raised because alkyllithium is used in this
method. Accordingly, establishment of a safer and industri-
ally applicable method for producing the compound has been
demanded.

NON-PATENT DOCUMENT 5 discloses a method for
producing a trithienobenzene derivative from dibro-
mothiophene through three steps. However, the current real-
ity is that the above method is far from a safe industrial
production method because raw materials are expensive, and
further, butyllithium is used in two steps and reacted at ultra-
low temperature.

NON-PATENT DOCUMENT 1: Synthesis, (13), 2131-2134

(2004)

NON-PATENT DOCUMENT 2: ARKIVOC (Gainesville,

Fla., United States), (13), 87-100 (2003)

NON-PATENT DOCUMENT 3: Journal of Organic Chem-

istry 70(25), 10569-10571 (2005)

NON-PATENT DOCUMENT 4: Organic Letters, 3(5), 651-

654 (2001)

NON-PATENT DOCUMENT 3: Organic Letters, 6(2), 273-

276 (2004)

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

The present invention relates to a simple and efficient
method for producing an aromatic compound. More particu-
larly, an object of the present invention is to provide an indus-
trially applicable method for producing a benzochalco-
genophene derivative represented by the following formula
(2) in a simple and efficient manner.

Means for Solving the Problems
The present inventors conducted extensive and thorough

research to solve the aforementioned problems. As a result,
the inventors completed the present invention by finding that
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a compound represented by the following formula (2) is sim-
ply and efficiently produced by reacting a 2-halogeno-1-
acetylene derivative represented by a general formula (1) with
a sulfur compound or a selenium compound.

Namely, the present invention provides the followings;

(1) A method for producing a compound represented by the
following formula (2), comprising reacting a compound rep-
resented by the following formula (1) with at least one sulfur
compound selected from the group consisting of sulfur,
hydrogen sulfide, metal hydrosulfide, and metal sulfide or a
selenium compound;

@®

R,

wherein, R” represents a hydrogen atom, a halogen atom, a
hydroxyl group, a cyano group, a nitro group, a carboxyl
group, a formyl group, an ester group, a substituted or unsub-
stituted C1-C18 alkyl group, a substituted or unsubstituted
aryl group, a substituted or unsubstituted heteroaryl group, a
substituted or unsubstituted C1-C18 alkoxyl group, a substi-
tuted or unsubstituted amino group, a silyl group substituted
with C1-C18 alkyl, or a substituted or unsubstituted C2-C19
acyl group; R? represents a halogen atom; R* represents a
hydrogen atom, C—=C—R"', R', or R?; and n represents an
integer of 0to 4, and wherein when n is 2 or greater, plural R®s
can be identical or different from each other, and when n is 2
and R?s are substituted at adjacent carbon atoms forming the
benzene ring represented by the formula (1), the R®s can be
bonded together to form a benzene ring;

< @
A

| Ve
AP

®?),

wherein, R', R?, and n have the same meanings as in the
above formula (1), and X denotes a sulfur atom or a selenium
atom.

(2) The method according to the above (1), wherein the
halogen atom represented by R? is a bromine atom or an
iodine atom.

(3) The method according to the above (1) or (2), wherein
the sulfur compound is sodium sulfide or sodium hydrosul-
fide.

(4) The method according to any one ofthe above (1) to (3),
wherein a reaction mixture contains at least one solvent hav-
ing a boiling point of 100° C. or higher.

(5) The method according to the above (4), wherein the
solvent having a boiling point of 100° C. or greater is amide,
glycol, or sulfoxide.

(6) The method according to the above (5), wherein the
amide is a solvent selected from N-methyl-2-pyrrolidone,
N,N-dimethylformamide, and N,N-dimethylacetamide; the
glycol is a solvent selected from ethylene glycol, propylene
glycol, and polyethylene glycol; and the sulfoxide is dimethyl
sulfoxide.
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(7) The method according to the above (6), wherein the
reaction is carried out in the presence of at least one metal
catalyst selected from the group consisting of copper, copper
(D chloride, copper(I]) chloride, copper(I) bromide, copper
(II) bromide, copper(l) iodide, and copper(1l) iodide.

(8) The method according to any one ofthe above (1) to (7),
wherein the compound represented by the formula (1) is a
compound represented by any one of the following formulas

(3); (4), and (5);

R! R?
AN .
R? %
R? R!

wherein, R', R?, and R? have the same meanings as in the

formula (1);
R3
R’ R?
R? %
| '
Rl

wherein, R', R?, and R? have the same meanings as in the
formula (1);

R3
R R?
i x
R! R? R!

wherein, R', R?, and R? have the same meanings as in the
formula (1).

(9) The method according to any one ofthe above (1) to (8),
wherein the compound represented by the formula (1) is a
compound represented by the following formula (6);

R, (
I
R, R,
& X
R; R, R,

wherein, R' and R* have the same meanings as in the
formula (1).

&)

@)

®)

6)
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(10) The method according to the above (9), wherein the
halogen atom represented by R is a bromine atom or a chlo-
rine atom.

(11) A compound represented by the formula (2), which is
produced by the method according to any one of the above (1)
to (10).

Advantages of the Invention

The present invention enabled industrially applicable pro-
duction of a benzochalcogenophene derivative represented
by the above formula (2) in a simple and efficient manner.

BEST MODE FOR CARRYING OUT THE
INVENTION

The production method of the present invention is
described in detail hereinbelow.

The present invention relates to a method for producing the
compound represented by the above formula (2), character-
ized by reacting the compound represented by the above
formula (1) with at least one sulfur compound selected from
the group consisting of sulfur, hydrogen sulfide, metal hydro-
sulfide, and metal sulfide, or a selenium compound.

For the formula (1), R' represents a hydrogen atom, a
halogen atom, a hydroxyl group, a cyano group, a nitro group,
acarboxyl group, a formyl group, an ester group, a substituted
or unsubstituted C1-C18 alkyl group, a substituted or unsub-
stituted aryl group, a substituted or unsubstituted heteroaryl
group, a substituted or unsubstituted C1-C18 alkoxyl group,
a substituted or unsubstituted amino group, a C1-C18 alkyl
group substituted with a silyl group, or a substituted or unsub-
stituted C2-C19 acyl group. R? represents a halogen atom. R?
represents a hydrogen atom, C=C—R", or R2. A letter n
represents an integer of 0 to 4. When n is 2 or greater, plural
R*s can be identical or different from each other.

Preferably, the above R is a hydrogen atom, a halogen
atom, a cyano group, a substituted or unsubstituted C1-C18
alkyl group, a substituted or unsubstituted aryl group, a sub-
stituted or unsubstituted heteroaryl group, a substituted or
unsubstituted C1-C18 alkoxyl group, a substituted or unsub-
stituted amino group, a C1-C18 alkyl group substituted with
a silyl group, and a substituted or unsubstituted C2-C19 acyl
group. More preferably, R' is a hydrogen atom, a halogen
atom, a cyano group, an unsubstituted C1-C18 alkyl group, a
substituted or unsubstituted aryl group, a substituted or
unsubstituted heteroaryl group, an unsubstituted C1-C18
alkoxyl group, an unsubstituted amino group, a C1-C18 alkyl
group substituted with a silyl group, and an unsubstituted
C2-C19 acyl group.

The halogen atom represented by the above R* can be a
chlorine atom, a bromine atom, and an iodine atom, among
which a bromine atom or an iodine atom is preferred.

In a case of a compound having a structure represented by
the general formula (6), the halogen atom represented by R?
is preferably a bromine atom or a chlorine atom, and espe-
cially preferably a chlorine atom.

For the above R', an ester group is the one having the
above-described substituted or unsubstituted C1-C18 alkyl
group or substituted or unsubstituted aryl group.

Specific examples of the “unsubstituted C1-C18 alkyl
group” for the above R' include the followings;

namely, linear saturated alkyl groups such as methyl, ethyl,
n-propyl, n-butyl, n-pentyl, n-hexyl, n-heptyl, n-octyl,
n-nonyl, n-decyl, n-undecyl, n-dodecyl, n-tridecyl, n-tetrade-
cyl, n-pentadecyl, n-hexadecyl, n-heptadecyl, and n-octade-
cyl; branched saturated alkyl groups such as i-propyl, i-butyl,
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s-butyl, and t-butyl; cyclic saturated alkyl groups such as
cyclopropyl and cyclobutyl; unsaturated alkyl groups such as
1-propenyl, 2-propenyl, 1-butenyl, 2-butenyl, 3-butenyl,
1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, and 3-butynyl.
Among the above alkyl groups, linear C1-C18 alkyl groups
are preferred, and linear C5-C12 alkyl groups are more pre-
ferred.

The “unsubstituted aryl group” for the above R' can be
C6-C20 aromatic hydrocarbon groups such as phenyl, naph-
thyl, anthryl, phenanthryl, and pyrenyl; and condensed aro-
matic cyclic groups such as anthraquinolyl and benzopyrenyl.
The number of aryl groups can be one or two as in carbazolyl.

The unsubstituted aryl groups as described above can be
further condensed with another aromatic ring selected from
benzene, naphthalene, anthracene, phenanthrene, pyrene,
furan, pyrrole, thiophene, pyridine, and the like. Specific
examples include compounds in which an aryl group is con-
densed with a 5- or 6-membered heterocyclic group such as
carbazolyl, quinolyl, isoquinolyl, indolenyl, benzothienyl,
and benzofuryl. The unsubstituted aryl group is preferably
phenyl, naphthyl, anthracenyl, carbazolyl, and benzothienyl,
and especially preferably phenyl.

For the above R, the “unsubstituted heteroaryl group” can
be C5-C6 aromatic heterocyclic groups having one or two
nitrogen atom(s), oxygen atom(s), or sulfur atom(s) such as
pyridyl, pyradyl, pyrimidyl, pyrrolyl, imidazolyl, thienyl,
furyl, and pyradyl; and C5-C13 aromatic heterocyclic groups
in which an aryl group is condensed with a 5- or 6-membered
heterocyclic group such as quinolyl, isoquinolyl, indolenyl,
benzothienyl, and benzofuryl. The unsubstituted heteroaryl
group is preferably pyrrolyl, pyridyl, thienyl, indolyl, and
benzothienyl.

For the above R', the “unsubstituted C1-C18 alkoxyl
group” is alkoxyl groups having the above-described unsub-
stituted C1-C18 alkyl group. Alkoxyl groups having the
above-described preferable alkyl group are similarly pre-
ferred.

Preferable specific examples thereof include linear
C1-C18 alkoxyl groups such as methoxy, ethoxy, n-propoxy,
n-butoxy, n-pentyloxy, n-hexyloxy, n-heptyloxy, n-octyloxy,
n-nonyloxy, n-decyloxy, n-undecyloxy, n-dodecyloxy,
n-tridecyloxy, n-tetradecyloxy, n-pentadecyloxy, n-hexade-
cyloxy, n-heptadecyloxy, and n-octadecyloxy. More prefer-
able specific examples thereof include linear C5-C18 alkoxyl
groups such as n-pentyloxy, n-hexyloxy, n-heptyloxy, n-oc-
tyloxy, n-nonyloxy, n-decyloxy, n-undecyloxy, and n-dode-
cyloxy.

For the above R?, the “substituted amino group” represents
an amino group substituted with one or two of the above-
described “unsubstituted C1-C18 alkyl group” or the above-
described “unsubstituted aryl group”, each independently.
Preferable unsubstituted C1-C18 alkyl groups and unsubsti-
tuted aryl groups are each the same as defined above.

As the number of substituent groups, two is preferred over
one. In terms of a manner of substitution, a substitution with
two of the above-described alkyl group or the above-de-
scribed aryl group is preferred over a substitution with each
one of the alkyl group and the aryl group. A dialkyl-substi-
tuted amino group is more preferred, while an unsubstituted
amino group is even more preferred. The substituent group in
the substituted amino group, namely an unsubstituted
C1-C18 alkyl group and an unsubstituted aryl group, can
further have a substituent group as will be described below.

For the above R', the “C1-C18 alkyl group substituted with
a silyl group” is the one in which any site of the above-
described C1-C18 alkyl group is substituted with a silyl
group. A silicon atom of the silyl group is directly bonded to
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a carbon atom of the alkyl group. While no limitation is
imposed on the silyl group, it can be a silyl group substituted
with three C1-C8 alkyl groups or aryl groups, each indepen-
dently. Specific examples thereof include trimethy] silyl, tri-
ethyl silyl, triisopropyl silyl, triphenyl silyl, t-butyldimethyl
silyl, and t-butyldiphenyl silyl. Among these examples, a
preferable silyl group can be the silyl group substituted with
three C1-C3 alkyl groups.

For the above R*, the “unsubstituted C2-C19 acyl group” is
an acyl group having the above-described “unsubstituted
C1-C18 alkyl group” or the above-described “unsubstituted
aryl group.” The structural formula thereof is expressed as
“—C(0O)-(unsubstituted C1-C18 alkyl group)” or “—C(O)-
(unsubstituted aryl group)”, respectively. At this point,
“C(O)” represents that the carbon atom and the oxygen atom
are connected by a double bond; namely, a carbonyl group.
Preferable unsubstituted C1-C18 alkyl groups and unsubsti-
tuted aryl groups are each the same as defined above. Espe-
cially preferably, the acyl group is an acetyl group.

For the above R', the substituent group in the “substituted
C1-C18 alkyl group”, the “substituted aryl group”, the “sub-
stituted heteroaryl group”, the “substituted C1-C18 alkoxyl
group”, the “substituted C2-C19 acyl group”, and the sub-
stituent group in the case of “the substituent group in the
substituted amino group further have a substituent group” is
independently selected from the group consisting of a halo-
gen atom, a hydroxyl group, a cyano group, a nitro group, a
carboxyl group, a formyl group, an ester group, a substituted
or unsubstituted C1-C18 alkyl group, a substituted or unsub-
stituted aryl group, a substituted or unsubstituted heteroaryl
group, a substituted or unsubstituted C1-C18 alkoxyl group,
a substituted or unsubstituted amino group, a C1-C18 alkyl
group substituted with a silyl group, or a substituted or unsub-
stituted C2-C19 acyl group. No particular limitation is
imposed on the number of the substituent groups; however, it
is normally one to three, preferably two, and more preferably
one. The halogen atom, the ester group, the substituted or
unsubstituted C1-C18 alkyl group, the substituted or unsub-
stituted aryl group, the substituted or unsubstituted heteroaryl
group, the substituted or unsubstituted C1-C18 alkoxyl
group, the substituted or unsubstituted amino group, the
C1-C18 alkyl group substituted with a silyl group, or the
substituted or unsubstituted C2-C19 acyl group of the sub-
stituent groups are the same as those described for the above
R!, and preferable and more preferable examples thereof and
the like are also the same as the ones described above.

Among the above substituent groups, a halogen atom, a
cyano group, a nitro group, an ester group, a substituted or
unsubstituted C1-C18 alkyl group, a substituted or unsubsti-
tuted aryl group, a substituted or unsubstituted C1-C18
alkoxyl group, and a substituted or unsubstituted C2-C19 acyl
group are preferred, among which a halogen atom, a cyano
group, a nitro group, an ester group, an unsubstituted C1-C18
alkyl group, an unsubstituted aryl group, an unsubstituted
C1-C18 alkoxyl group, and an unsubstituted C2-C19 acyl
group are preferred. Among them, an unsubstituted C1-C18
alkyl group is particularly preferred.

The compound represented by the above formula (1), for
example, 1-bromo-2-ethinylbenzene and (2-bromophenyl)
ethinyltrimethylsilane are easily obtainable as commercial
products. Also, a-bromo-ethinylbenzen is generally synthe-
sized by a method such as Sonogashira reaction of a commer-
cially available 2-bromo-1-iodobenzen and an acetylene
derivative following a publicly known method disclosed in
literature such as NON-PATENT DOCUMENTS 1 to 4.

Specific examples of the compound represented by the
above formula (1) include, for example, Compounds 1 to 15
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as shown below. Unless otherwise specifically stated, a blank TABLE 1-continued
column represents a hydrogen atom, Me represents a methyl

group, and Ph represents a phenyl group in Table 1.
TABLE 1 5
R3l %
R32 RZ Br =
. N/
15

R33 %
R34 Rl
The compound represented by the above formula (1)
Compound No. R R*  R¥ R* R*  R* 15 includes the compounds represented by the above formulas
; o . (3) to (6). While any of them is preferred, the compounds
5 e I Me Me represented by the formulas (3) and (6) are especially pre-
3 CH, Br Me ferred.
4 Croflzy Br Br 50 Specific examples of the compounds represented by for-
5 NH, Br NO, .
6 OMe Br COMe mulas (3) to (6) are sequentially shown below; however, the
7 SiMe, Br present invention is not limited thereto. Specific examples of
8 COMe Br Compounds 16 to 25 represented by the above formula (3) are
9 Ph Br now shown below.
10 2-Me-Ph Br 25
Br
16
Ph
% % Br
30
Br %
Ph
35
11
17
Me
40
x
Br =
% Br
S
45
12 Br AN
Br
50
Me
x
Ph
13 55 18

n-Octyl l
X
% 60 S Br
! ~ ®
1\! / Br %
14 @ >
1n-Octyl
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-continued -continued

24

25

55 Compounds 26 to 35 are subsequently shown as specific
examples of the compound represented by the above formula

).
26

40 Br

22
Br
X
45 | | Ph
Ph
O 50
NH,

23 27

55 Br

Br %

65

60 ||
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-continued -continued
28 32

Br Br
O 5
\ Br

Br %
n-Hexyl 10 ‘
15
n-Hexyl 33
29
Br
0 20
Br %
NO, 25
30
NO, 34
30
O I 35
I %
|| 40
OMe
(0]
45
35
MeO 0]
50
31
55
60

65 Compounds 36 to 45 are further shown as specific
examples of the compound represented by the above formula

o).




US 9,073,938 B2
13 14

-continued

38

O Compounds 100 to 103 are further shown as specific
examples of the compound represented by the above formula
Br Br
20 35 ©)
Br Br
O | -
F AN 40 g
(6] (6]
45 Cl Cl

50

101

55

HoN NH
O O i
Q 63
Br Br
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-continued
102

Cely3

The above sulfur compound can be at least one kind
selected from the group consisting of sulfur, hydrogen sul-
fide, metal hydrosulfide, and metal sulfide. These substances
can be employed singly or a plurality of them can be
employed in combination. The above metal hydrosulfide can
be a hydrous and/or an anhydrous alkaline metal hydrosul-
fide, and sodium hydrosulfide and potassium hydrosulfide are
preferred as specific examples thereof. The above metal sul-
fide can be a hydrous and/or an anhydrous alkaline metal
hydrosulfide, and a transition metal hydrosulfide, and the like.
Specific examples thereof include sodium sulfide, potassium
sulfide, iron sulfide, and copper sulfide.

As the above sulfur compound, sulfur, a hydrous and/or an
anhydrous sodium hydrosulfide, and a hydrous and/or an
anhydrous sodium sulfide are preferred, among which a
hydrous sodium hydrosulfide and a hydrous sodium sulfide
are more preferred.

The above selenium compound can be metallic selenium,
NaSeH, KSeH, and selenium oxide. Among them, metallic
selenium and NaSeH are preferred, among which metallic
selenium is more preferred.
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In a method for producing the compound of the above
formula (2), a sulfur compound or a selenium compound
employed in a reaction is used at a ratio of normally 1 to 16
moles, preferably 2 to 8 moles, and more preferably 2 to 5
moles, to 1 mole of the compound of the above formula (1).

A reaction solvent can be either used or not used. Normally,
when the compound represented by the above formula (1) is
solid, it is better to use a reaction solvent. While it is possible
to carry out a reaction without a solvent in a case where the
compound is liquid, it is preferable to employ at least one
solvent having a boiling point of 100° C. or higher in a
reaction mixture according to the production method the
present invention. It is preferable because by doing so a
reaction rate of the reaction for producing the compound
represented by the above formula (2) is improved.

As a solvent having a boiling point of 100° C. or higher,
amide such as N-methyl-2-pyrrolidone, N,N-dimethylforma-
mide, and N,N-dimethylacetamide; glycol such as ethylene
glycol, propylene glycol, and polyethylene glycol; and sul-
foxide such as dimethyl sulfoxide are preferred, among which
N-methyl-2-pyrrolidone, N,N-dimethylformamide, and
N,N-dimethylacetamide are more preferred.

The solvent having a boiling point of 100° C. or higher is
better to be used at a ratio 0£0.01 to 100 moles, preferably 0.1
to 80 moles, and more preferably 20 to S0 moles, to 1 mole of
the compound of the above formula (1).

Itis better to carry out a reaction at reaction temperature of
-50° C.10300° C. in the above-described production method.
The reaction temperature can be changed as needed within
the above temperature range. It is preferably -10° C. to 250°
C., and more preferably 40° C. to 200° C.

It is not mandatory to add a catalyst to a reaction for
synthesizing the compound represented by the above formula
(2); however, there is a case in which the reaction proceeds
smoothly when a catalyst is used. It is better to use a catalyst
in a case when the reaction does not proceed smoothly.

As a metal catalyst to be used, a copper atom and metal
halide, particularly copper halide such as copper(I) chloride,
copper(1) chloride, copper(I) bromide, copper(Il) bromide,
copper(l) iodide, and copper(1l) iodide are preferred, among
which a copper atom, copper(l) bromide, and copper(l)
iodide are more preferred.

The amount of the above catalyst to be used is 0.01 to 1
mole, preferably 0.1 to 0.5 mole, and more preferably 0.1 to
0.2 mole, withrespectto 1 mole ofthe compound ofthe above
formula (1).

While the reaction time is normally one hour to 50 hours, it
is preferable to adjust the reaction temperature, the amount of
the halogenating agent and the sulfur compound or the sele-
nium compound so that the reaction completes roughly
within 24 hours.

A target compound can be isolated and purified from the
reaction mixture as needed following a publicly known
method. It is possible to carry out purification by sublimation,
especially purification by vacuum sublimation, to obtain a
target compound of high purity.

R!, R?, and n in the compound represented by the above
formula (2) have the same meanings as in the above formula
(1), and other parameters such as preferable groups are also
the same as those described for the above formula (1). X
represents a sulfur atom or a selenium atom, both of which are
preferred.

Compounds 46 to 92 and 104 to 107 are illustrated below as
specific examples of the compound represented by the above
formula (2); however, the compound is not limited thereto. It
is burdensome to list the compounds represented by the for-
mula (2) in which X is either a sulfur atom or a selenium atom
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separately from the ones in which X is the other atom. There-
fore, when R* and R? are identical, only the ones represented
by the above formula (2) in which X is a sulfur atom are
illustrated as Compounds 46 to 92 in the present specification
as a matter of convenience. It is to be noted that the sulfur
atom can be alternatively read as the selenium atom in the
compounds 46 to 92.
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Examples

The present invention is described further in detail herein-
below with Examples; however, the present invention is not
limited thereto.

A structure of the target compound is determined by 1H
NMR (i.e., 1H nuclear magnetic resonance spectrometry),
MS (i.e., mass spectrometry), melting point measurement,
and elementary analysis, as needed. The following instru-
ments were used,;

1H NMR: JEOL Lambda 400 spectrometer

MS: Shimadzu QP-5050A

Melting point measurement: Yanagimoto micromelting
point apparatus MP-S3

Elementary analysis: Parkin Elmer 2400 CHN elemental
analyzer

Example 1

2,6-diphenylbenzo[1,2-b:4,5-b'|dithiophene
(Compound 61)

To an NMP (N-methyl-2-pyrrolidone, 30 ml) solution con-
taining 1,4-dibromo-2,5-bisphenylbenzene (Compound 16)
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(6.54 g, 15 mmol), 70% NaSH.nH,O (3.60 g, 92 mmol) and
copper iodide (0.14 g, 0.8 mmol) were added, and the result-
ing mixture was left for 3 hours, while the inside temperature
was kept at 140° C. to 150° C. The mixture was then cooled
and toluene (100 ml) was added. Precipitated solid was sepa-
rated by filtration and washed with toluene (30 ml) and
methanol (30 ml), followed by drying. The obtained com-
pound was purified by sublimation, thereby the Compound 61
was obtained (4.37 g, yield: 85%).
MS (70 eV, EI) m/z=342 (M+)

Example 2

2,6-diphenylbenzo[1,2-b:4,5-b'|diselenophen
(Compound 61, S—Se)

Under nitrogen atmosphere, selenium (98.7 mg, 1.25
mmol) and NaBH, (47.3 mg, 1.25 mmol) were dissolved in
ethanol (5 ml). The resulting mixture was stirred for 30 min-
utes, while it was kept at 5° C. Then, 1,4-dibromo-2,5-bisphe-
nylbenzene (Compound 16) (216 mg, 0.50 mmol) and NMP
(12 ml) were added to the mixture, followed by heating at the
inside temperature of 190° C. for 20 hours. The reaction
liquid was poured into water and precipitated solid was sepa-
rated by filtration. The solid thus obtained was washed with
methanol (30 ml) and acetone (30 ml), and dried. The
obtained compound was purified by sublimation, thereby a
yellow crystalline compound was obtained (Compound 61,
S—Se) (114 mg, yield: 52%).

MS (70 eV, EI) m/z=436 (M+)

Synthetic Example 1

1,4-dibromo-2,5-bis(octyne-1-yl)benzene (Br,C,H,
(—C=C—CH,CH,CH,CH,CH,CH,),)

Under nitrogen atmosphere, 1,4-dibromo-2,5-diiodoben-
zene (3.0 g, 6.2 mmol) was dissolved in diisopropylamine (45
ml) and anhydrous benzene (45 ml), followed by stirring for
30 minutes. Copper iodide (235 mg, 0.12 mmol), PdCl,
(PPh,), (430 mg, 0.61 mmol), and 1-dodecene (1.9 ml, 12.9
mmol) were added to the mixture, followed by stirring at
room temperature for 14 hours. The reaction liquid was
poured into water and extracted with chloroform, and the
obtained organic layer was washed with 200 ml of water three
times. The resulting organic layer was dried over anhydrous
sodium sulfate and purified by a column chromatography
(silica gel and methylene chloride:hexane=1:3), followed by
recrystallization in ethanol, thereby colorless powdery 1,4-
dibromo-2,5-bis(octyne-1-yl)benzene was obtained (1.56 g,
yield: 56%).

1H-NMR (400 MHz, CDCL3) §7.59 (s, 2H) 2.45 (t, I=7.2
Hz, 4H) 1.65-1.23 (m, 32H) 0.88 (t, I=6.4 Hz, 6H)

Example 3

2,6-didecylbenzo[1,2-b:4,5-b'|dithiophene
(Compound 91)

Under nitrogen atmosphere, 1,4-dibromo-2,5-bis(octyne-
1-yD)benzene (216 mg, 0.5 mmol) and 70% NaSH.nH,O (96
mg) were dissolved in NMP (12 ml), followed by heating at
the inside temperature of 160° C. to 170° C. for 20 hours.
Upon completion of the reaction, the solution was poured in
water and stirred for one hour, followed by extraction with 15
ml of hexane three times. The obtained organic layer was
washed with 100 ml of saturated saline three times, and dried
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over anhydrous sodium sulfate and then concentrated,
thereby  2,6-didecylbenzo[1,2-b:4,5-b'|dithiophene  was
obtained (Compound 91) (77.1 mg, yield: 43%).

1H-NMR (400 MHz, CDCl,) 88.01 (s, 2H) 6.98 (s, 2H)
2.89 (t,J=7.2 Hz, 4H) 1.75-1.26 (m, 32H) 0.88 (t, ]=6.4 Hz,
6H)

MS (70 eV, EI) m/z=470 (M+)

m.p. 144.5-145.5° C.

Examples 4 to 8

Compounds 16 to 61 as shown above were synthesized in
a similar way as in Example 1, except substituting each of the
sulfur compound, the amount of sulfur compound used, the
reaction temperature, the reaction time, and the catalyst for
the ones in Table 2 as shown below.

Comparative Examples 1 to 3

Compounds 16 to 61 as shown above were synthesized for
comparison according to the method described in “General
Procedure” in Examples 2a-f, 4a-c, and g in the NON-
PATENT DOCUMENT 1, except substituting each of the
sulfur compound, the amount of sulfur compound used, the
reaction temperature, the reaction time, and the catalyst for
the ones in Table 2 as shown below.

TABLE 2
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not have been synthesized by a conventional method was
easily produced as shown above.

NON-PATENT DOCUMENTS 3 and 4 disclose a popu-
larly used conventional method for synthesizing [ 1]benzoch-
alcogeno[3,2-b][1]benzochalcogenophene,  namely, a
method for synthesizing the above compound by applying
tert-butyllithium to bis(2-bromophenyl)acetylene in THF at
low temperature, followed by addition of sulfur, metallic
selenium, or metallic tellurium. The following experiments
were carried out as shown in Comparative Example 4 and
Example 9 to compare the above conventional method and the
present invention.

Synthetic Example 2

1,4-dibromo-2,5-bis(dodecen-1-yl)benzene
BryCeHy(—C=C-n-C,(CyoHs1)2)

Starting from 1,4-dibromo-2,5-diiodobenzene (5.0 g, 10.3
mmol), colorless powdery 1,4-dibromo-2,5-bis(dodecen-1-
yDbenzene (4.30 g, yield: 75%) was obtained according to the
method described in Synthetic Example 1 using correspond-
ing acetylene.

MS (70 eV, EI) m/z=564 (M+)

Solvent,

Sulfur compound, Reaction temperature,

Catalyst, Amount Yield

Amount (molar fold)  Reaction time (hours) (molar fold) (%)
Comparative Na,S*5H,0, 3 EtOH, reflux 8 None 0
Example 1
Comparative Na,S*5H,0, 3 EtOH, reflux 8 Cul 0
Example 2 0.05
Comparative NaSHexH,O (70%),3 EtOH, reflux 8 Cul 0
Example 3 0.05
Example4  NaSHexH,O (70%),3 NMP, 85°C.8 Cul 50.0
0.05
Example 5  NaSHexH,O (70%),3 NMP, 140° C. & None 78.8
Example 6 ~ NaSHexH,O (70%),3 NMP, 140° C. & Cul 87.1
0.05
Example 7 Na,S*5H,0, 3 NMP, 140° C. 8 None 83.2
Example 8  Na,S*5H,0, 3 NMP, 140° C. 8 Cul 76.5
0.05
45

In Comparative Example 1, the reaction was carried out
using sodium sulfide in ethanol solvent according to the
method described in “General Procedure” in Examples 2a-f,
4a-c, and g in the NON-PATENT DOCUMENT 1. The reac-
tion was hardly found to proceed in this method. In Compara-
tive Example 2, copper iodide was added as a catalyst to the
reaction system of the Comparative Example 1; however, the
reaction was not found to proceed. In Comparative Example
3, the reaction was carried out by substituting hydrous 70%
sodium hydrosulfide for the sulfur source in Comparative
Example 1; however, the reaction was not found to proceed.

In Example 4, the reaction was carried out at reaction
temperature almost close to the boiling point of ethanol using
NMP, which was amide. NMP is a high-boiling solvent hav-
ing a boiling point of 100° C. or higher. As a result, the target
Compound 61 was successfully obtained with a yield of 50%.

Furthermore, experiments of Examples 5 to 8 were carried
out using systems in which the catalyst was copper iodide and
the solvent was NMP. As a result, notably, the target Com-
pound 61 was obtained with a yield of as high as about 80%.
It was understood that the method of the present invention
was superior as exemplified by that a compound which could

Comparative Example 4

2,6-didodecylbenzo[1,2-b:4,5-b'|dithiophene
(Compound 92)

Under nitrogen atmosphere, 1,4-dibromo-2,5-bis(dode-
cen-1-yl)benzene (1.0 g, 1.77 mmol) was dissolved in anhy-
drous ether (20 ml) and cooled to -78° C., to which 1.59 M
solution of t-butyllithium.entane (4.46 ml, 3.9 mmol) was
added. The mixture was stirred for 30 minutes at the same
temperature, after which the temperature was elevated to
-30° C. Sulfur powder (133 mg, 4.25 mmol) was then added,
and the temperature was further elevated to room tempera-
ture. Anhydrous ethanol (10 ml) was added and the mixture
was stirred for three hours. The mixture was then extracted
with 15 ml of chloroform three times and washed with 100 ml
of water three times, followed by drying over anhydrous
sodium sulfate and concentration by using an evaporator. The
resulting mixture was purified by a column chromatography
(silica gel and methylene chloride:hexane=1:3) and recrys-
talized in hexane, thereby Compound 92 was obtained (102
mg, yield: 11%).
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Example 9

2,6-didodecylbenzo[1,2-b:4,5-b'|dithiophene
(Compound 92)

Using 1,4-dibromo-2,5-bis(dodecen-1-yl)benzene (1.0 g,
1.77 mmol), the reaction was carried out according to the
method of Example 3 and the resulting mixture was purified
according to the method of Comparative Example 4, thereby
Compound 92 was obtained (398 mg, yield: 43%).

The results obtained from Comparative Example 4 and
Example 9 were summarized in Table 3 as follows.

TABLE 3
Sulfur Compound Solvent & conditions Yield
Comparative 4 Sulfur Diethyl ether, 11%
t-BuLi-78° C.

Example 9 NaSHexILO (70%) NMP, 160-170° C. 43%

In Comparative Example 4, which was a conventional
method, the yield was as extremely low as 11%, while in
Example 9, which was the present invention, the target com-
pound was obtained with a moderate yield of 43%. Also, the
present invention was shown to be a superior synthetic
method having a greater versatility compared to the conven-
tional method.

Example 10

Benzo[1,2-b:3,4-b":5,6-b"trithiophene (Compound
104)

Under nitrogen atmosphere, sodium sulfide nonahydrate
(1.54 g, 6.42 mmol) was added to anhydrous NMP (40 ml)
and the mixture was stirred for ten minutes. To this mixture,
1,3,5-trichloro-2,4,6-tris[ (trimethylsilyl)ethinyl|benzene
(Compound 100)(500 mg, 1.07 mmol) was added, followed
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by heating at 185° C. to 195° C. for 12 hours. Upon comple-
tion of the reaction, the mixture was poured into water (400
ml) and precipitated solid was collected by filtration. The
solid thus obtained was dissolved in chloroform (200 ml), and
the resulting solution was washed with saturated saline. The
solution was dried over anhydrous magnesium sulfate and the
solvent was removed under reduced pressure. Solid thus
obtained was purified by a column chromatography (silica gel
and hexane), thereby white crystalline Compound 104 was
obtained (156 mg, yield: 60%).

'"H-NMR (270 MHz, CDCl,) 87.64 (d, 1=5.4 Hz, 3H) 7.54
(d, J=5.4 Hz, 3H), M.S. (70 eV, EI) m/z=246 (M")

As shown above, a benzochalcogenophene derivative can
be simply and efficiently produced according to the present
invention. Therefore, the method for producing an aromatic
compound of the present invention, namely, the method for

producing a benzochalcogenophene derivative, is extremely
useful.

INDUSTRIAL APPLICABILITY
The method for producing an aromatic compound of the
present invention enables simple and efficient production of a

benzochalcogenophene derivative; therefore, it can be
applied in various industrial fields.

The invention claimed is:
1. A compound represented by the formula (3'-2):

G2



